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ABSTRACT 
Larval and juvenile life stages of fish are numerically the dominant component of 
fish populations. These early life stages experience high levels of mortality due, in part, 
to anthropogenic disturbances, but little is known about which habitats they utilize in 
large-rivers, as they are often difficult to sample and identify. My study examined the 
larval and juvenile fish assemblages in different habitats within the lower 322 km of the 
Wabash River. Fish were sampled with a conical-cylindrical ichthyoplankton net (larvae) 
and a DC-electrified mini-Missouri trawl Guveniles) between May and October 2013. 
Larval fish were collected every two weeks from mid-May through late July and then 
monthly from August through October; juvenile fish were sampled monthly May -
October. Both gears were used to sample fish from three bend habitats (inside bend, 
outside bend, and main channel). Additionally, larval fish were collected from tributary 
mouths. Eggs collected in the samples were used to model passive drift in the system and 
compared egg CPUE between habitats to larval densities. I found that density patterns 
between habitats varied between these eggs and larval fish, suggesting that larvae were 
not passively drifting in the system. My results indicate that larval fish within certain 
family groups are able to utilize habitats differently than if they were only passively 
drifting with the flow of water, and are instead selecting for channel margin habitats. I 
also found that juvenile fish assemblages within inside bend were more similar than 
assemblages within outside bend and main channel habitats; however, these patterns were 
less distinct for larval and juvenile fish during fall when the habitats became more 
homogenized, suggesting that some environmental characteristic, most likely flow, was 
influencing assemblage composition. The electrified trawl was effective at sampling 
small-bodied fish as almost 88% of the total catch was less than 120 mm and 33 species 
were sampled at total lengths less than 200 mm. Because this distribution is noticeably 
different than electrofishing and hoop netting surveys, I recommend combining trawling 
with these gears to supplement surveys in large rivers to better survey the early life 
history stages of fishes. 
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GENERAL INTRODUCTION 
The early life stages of fishes in lotic systems are unique in regards to movement, 
habitat partitioning, and feeding. For example, larval fish usually hatch from pelagic 
eggs in a form that is highly under-developed compared to their adult counterparts. They 
are reliant upon flow for dispersal to adequate habitats (Araujo-Lima and Oliveira 1998), 
as they have poor eye sight and poor muscle differentiation (Wallus and Simon 2003). 
Larval fish tend to feed endogenously from a yolk sac for the first portion of their life and 
. then switch to exogenous feeding as they mature (Wallus and Simon 2003). 
As juveniles, young fish typically resemble the adult form (Urho 2002). 
However, juvenile fish are often ignored in large river studies as they tend to be 
ineffectively sampled with standard sampling gear, such as boat electrofishing and 
hoopnets (Holland and Peters 1992, Murphy and Willis 1996). During this life stage, 
juvenile fish are able to navigate the river to some extent and more effectively optimize 
their time and energy in habitats that are more suitable to their life history (Pflieger 
1975). Additionally, juvenile fish are better able to avoid predation than when they were 
larvae, as they develop musculature and sensory systems, such as improved eyesight. 
Larval and juvenile fish make up a significant portion of the overall population of 
fish species and changes in mortality can have a dramatic effect on recruitment to adult 
populations (Houde 1987). Therefore, it is necessary to monitor the early life stages in 
order to minimize large fluctuations in population size over time (Houde 1987). This 
mortality can result from drifting into unfavorable habitats in larval stages (Hjort 1926, 
Houde 1987), from changes in abiotic factors, such as a sudden increase in flow (Statzner 
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et al. 1988), and from a loss in physical cover, which is directly related to survival in 
predator-prey encounters (Gorman and Karr 1978, Merigoux et al. 1998). 
Fish populations in large rivers are relatively resilient to environmental 
stochasticity and are able to recover after flooding and drought events (Schlosser 1987, 
Paller 1994). However, these assemblages are impacted by anthropogenic disturbances, 
such as channelizing and damming (Graf 1999, Poff and Hart 2002, Nilsson et al. 2005, 
Graf 2006). These human interventions directly influence habitat within the river by 
changing a pool-riffle-run sequence into a series of pools, which impacts fish 
assemblages throughout the river (Power at al. 1996, Poff et al. 1997, Miranda et al. 
2008). Howeyer, little is known about how early life stages of the resident fish species 
respond to natural shifts in hydrology within unregulated rivers. Many studies have 
explored the use of floodplain habitats by larval fish and the effects of certain 
environmental changes, such as discharge, precipitation, and water temperature, on 
mortality (i.e. Bain et al. 1988, Matthews and Robinson 1998, Martinho et al. 2009, 
Ramos et al. 2009). However, very few studies have focused on overall habitat use by 
different life stages within large river systems (Smith and Powell 1971, Harvey 1975, 
Bisson et al. 1982, Nannini et al. 2012). It is well known that certain microhabitat 
combinations can provide optimal habitat for specific life stages of fish ( Oberdorff and 
Porcher 1992), but as small fishes tend to be under represented in large river surveys it is 
not well understood what factors are driving the shift in assemblage structure through the 
different habitats. By determining how larval and juvenile fishes utilize habitats within a 
large river, and ifhabitat use is random or non-random in these life stages, we can devise 
appropriate species-specific management strategies (Sammons and Bettoli 1998). 
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The successful conservation of lotic fish is dependent upon an adequate 
understanding of how fish faunas change through time and space (Matthews and 
Robinson 1998, Jackson et al. 2001). If the key hydrographic factors that trigger larval 
dispersion can be identified, the ability to predict recruitment at some later life stage may 
be improved (Parrish and MacCall 1978). By determining how larval and juvenile fishes 
utilize habitats within a large river, and by determining if habitat use is random or non-
random in early life stages, we can apply this knowledge to regulated rivers for more 
appropriate management (Sammons and Bettoli 1998). Understanding the ontogenetic 
shifts in habitat use would be relevant for identifying spatial patterns related to potential 
nursery and juvenile habitats in rivers and tributary confluences (Gorman 1986). 
One of the least known facets oflotic fish ecology is the mechanisms by which 
larvae and juveniles are distributed, especially when they are confined to the main body 
of a large river at base flow. The purpose of this study was to determine how larval, 
juvenile, and small-bodied fish utilize habitats that are unique to free-flowing systems, 
particularly to determine if larval and juvenile fish show patterns for certain habitat types. 
The specific objectives of this study were to: 
1. Determine how larval and juvenile fish assemblages utilize habitats located 
within bend sections of the Wabash River. 
2. Investigate how these young fish assemblages shift between seasons within 
bend habitats. 
3. Determine how a major tributary affects larval and juvenile fish assemblages. 
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CHAPTER ONE: 
Habitat Association of Larval Fishes in a Free Flowing River 
INTRODUCTION 
The eggs and larvae (ichthyoplankton) of many riverine fish species are 
transported downstream in lotic systems (Moore 1944, Taylor et al. 1994, Platania and 
Altenbach 1998). This downstream transport, known as drift, is typically passive and 
occurs for several days until the fish attain a :free-swimming phase, at which point the 
larvae are better able to navigate their aquatic environment (Battle and Sprules 1960, 
Balon 1975, Gale and Mohr 1978, Araujo-Lima 1994, Platania and Altenbach 1998). 
The phenomenon of drift is of fundamental importance in the early life history of nearly 
all :freshwater fish families in lotic habitats as it largely influences spatiotemporal patterns 
in larval fish densities (Holland 1986, Lowe-McConnell 1987, Pavlov 1994, Pavlov et al. 
1995). 
Many fish species that inhabit lotic systems are pelagic spawners, lying 
numerous, buoyant eggs and giving no parental care to their offspring. These species are 
reliant upon drift, as their eggs and larvae are at the mercy of the flow. The drift of the 
offspring allows access to nursery habitats with preferable growing conditions and also 
scatters the cohort, which may reduce competition for food and space and reduce 
conspicuousness to predators (Bardonnet 2001). Usually, a large proportion of pelagic 
spawners' progeny dies during the egg and larval stages as this drift can also disperse 
larvae into unfavorable habitats (Seegrist and Gard 1972, Crecco and Blake 1983, Harvey 
1987). 
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Spawning typically takes place in the river channel and tributaries (Junk and 
Welcomme 1990). In natural systems, larvae are washed downstream by the current and 
dispersed on to the floodplains, or to habitats downstream when the river is confined in 
its channel (Lake 1967, Halyk and Balon 1983, Araujo-Lima and Oliveira 1998), as their 
small body size and restricted mobility renders them unable to move upstream (Gullan 
1965, Nelson et al. 1977, Lightfoot and Jones 1979, Houde 1987, Heggenes 1988). 
These floodplain areas are considered essential for fish production in rivers as they 
provide nursery areas for large numbers of larval fish with higher temperatures and 
reduced currents (Forbes 1925, Welcomme 1985, Crecco and Savoy 1985, Holland 1986, 
Dettmers et al. 2001, Nannini et al. 2012). Larvae may be able to avoid downstream 
displacement and predation by residing in these areas (Bodola 1966, Balon 1975, Scott 
1987, Dudley and Platania 2007, Nunn et al. 2012). However, larval fish are returned to 
the main channel of the river when the flood water recedes. Connectivity of a floodplain 
to the main river channel has been shown to strongly influence tax.a richness and 
assemblages oflarval fish (Taylor et al. 1994, Gore and Shields 1995, Pezold 1998, Galat 
et al. 2004, Miranda 2005). Only a few studies have related the early life history 
requirements oflarval fish communities and drift within the main stem of a river after the 
river is confined to its channel (Holland and Sylvester 1983, Molls 1999, Miranda 2005, 
Pease et al. 2006). 
Drift oflarval fish within the well-defined channels oflarge rivers has been 
largely ignored. Several authors have qualitatively estimated probable downstream 
transport distances of drifting life phases using spawning dates and changes in drift 
densities between sites (Nesler et al. 1988, Tyus and Haines 1991, Araujo-Lima and 
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Oliveira 1998, Robinson et al. 1998). Reinert et al. (2004) used drifting particles, which 
mimic the properties of ichthyoplankton, to estimate sampling efficiency within the 
channel. Very few studies, however, have focused on larval fish assemblages within 
habitats in the main river channel to address spatial and temporal changes (Nannini et al. 
2012). The few studies investigating the macrohabitat use offish larvae and juveniles in 
large rivers have either been limited to one species (e.g., Lightfoot and Jones 1979, Copp 
1990), or addressed only one environmental variable (Schiemer and Spindler 1989). 
Comparative studies of habitat segregation are essential for understanding the 
dynamics in microhabitat use by different species of fish larvae. Increased knowledge of 
riverine ichthyoplankton transport could help develop better management strategies to 
prevent species diversity losses. This study investigates the temporal distribution and 
spatial composition of larval fish within an unregulated large river. My goals for this 
study were to (1) compare larval fish assemblages among a number of riverine habitats 
throughout a reproductive season, (2) identify associations between larval fish 
assemblage structure and environmental variables, (3) determine how a change in 
hydrology affects the assemblage composition, and ( 4) determine drifting patterns of 
larval fish within main river habitats. Knowledge of larval distributions, and of the 
physical and biological processes that influence them, will enhance our understanding of 
fish recruitment within these systems. 
METHODS 
Study Site 
This study was conducted within the lower 322 km stretch of the Wabash River, 
where the river forms the border between Illinois and Indiana (Figure 1.1). The Wabash 
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River is unique in the eastern United States in that it flows unconstrained for the last 662 
km of its length before its confluence with the Ohio River. Different habitats are created 
throughout its length as the river is able to naturally meander. Within a bend in the river 
the outside is typically deep and swift with a steep bank and the inside of the bend tends 
to have a shallower slope with slower moving waters and sediment deposits. Seasonal 
variations in discharge of this river are substantial, as the river typically has a seasonal 
flood in the spring (May or April, discharge 509 to 566 m3/s) and experiences low flow in 
the fall (August through October, discharge 142 m3/s) (Gammon 1998, Skibsted 2012). 
The river is not used as a main navigation channel as the river is too small and the flow 
too unpredictable (Gammon 1998). 
Larval Sampling 
I sampled larval fishes every two weeks from the second week in May through the 
end of July, and then monthly from August through October during 2013. During 
daylight hours (0700h to 2100h), I sampled five bends and four tributary mouths using a 
conical-cylindrical net (0.5 m diameter X 3.0 m long, 500 µm mesh). The net was 
pushed just below the surface of the water from the bow of the boat in order to sample the 
top half meter of the water column. Samples w,ere conducted by facing the boat upstream 
and adjusting the speed of the boat for five minutes time. A flow meter (model 2030R, 
General Oceanics, Inc., Miami, Florida, USA) fixed to the mouth of the net measured the 
volume of water that traveled through the net. Flow measurements were then multiplied 
with the surface area of the opening of the net to determine sampled volume, with a goal 
50 m3 of water (10,000 rotations) per sample. Distance traveled varied considerably 
between samples due to natural fluctuations in flow rate. 
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In order to reduce the hydrodynamic influences from tributary flow and the 
influence from larval fish that were washed downstream, I sampled the first bend 
immediately upstream of each sampled tributary mouth. At each bend I sampled three 
habitats: (1) outside bend, with a steep cut bank, (2) inside bend, with either a sand bar or 
gravel bar, and (3) main channel, considered as equidistance between the outside and 
inside bend habitats to accommodate for varying channel widths, closely associated with 
the thalweg. These bends were located at river kilometers 27, 104.5, 145, 154.5, and 
273.5 (Figure 1.1). All samples along the outside bend and inside bend were done as 
close to the shore line as possible. 
Tributaries sampled were selected based on permanence. As the Wabash River 
had experienced record high (2011) and low (2012) flows in the previous two years I 
needed to sample tributaries that were both accessible and continued to flow throughout 
the year. Four tributaries that met these criteria were selected for study: Big Creek (river 
km 272), Embarrass River (river km 153), Patoka River (river km 125) and the Little 
Wabash River (river km 25). Larval fish were sampled with the same gear as the bend 
habitats. The sample started at the mouth of the tributary just before it met with the 
Wabash River, and was then pushed upstream along the thalweg. The White River 
confluence (river km 126) with the Wabash River was not sampled for larval fish as the 
river almost doubles the discharge of the Wabash River. Because of this large change in 
hydrology I compared sites from upstream (three bends) and downstream (two bends) of 
the confluence with the White River. 
Upon completion of each transect, net contents were flushed into the cod end and 
preserved in 95% ethanol. All eggs and larval fish in the sample were enumerated, and 
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larvae were identified to the lowest possible taxon using morphology, pigmentation 
patterns, and myomere numbers from keys in Auer (1982, Great Lakes Fishery 
Commission, unpublished) and Wallus and Simmon (2003). The taxonomic level to 
which fish larvae were identified varied. All larvae were at least identified to family, but 
due to the lack of available taxonomic keys for their genera, larval Percidae and 
Cyprinidae were not identified further. However, common carp and the Asian carp 
complex were able to be separated from other Cyprinids due to their unique 
pigmentation. Of the other families present in the system, many of the larval fish 
sampled were able to be identified to genus level, but further identification of several taxa 
beyond the genus level is difficult or impossible without conducting molecular analyses 
(Rettig 1998). 
Abiotic Parameters 
At the start of each transect, I sampled water chemistry parameters that could 
affect the density oflarval fish: secchi depth (cm), temperature (°C), and dissolved 
oxygen (mg/L) (YSI Model 52 Dissolved Oxygen Meter, Yellow Springs Instruments, 
Yellow Springs, Ohio, USA). Surface water velocity (m/s) was measured at a quarter 
meter depth with an electronic (Flo-Mate model 2000, Marsh McBimey, Inc., Frederick, 
Maryland, USA) or mechanical flow meter (model 2030R, General Oceanics, Inc., 
Miami, Florida, USA). River stage data were recorded from the Mount Carmel, Illinois 
(river mile 76) permanent gage at noon on each sampling date (United States Geological 
Survey permanent gage 03377500). Other environmental characteristics included 
substrate size, sampled with a ponar grab and qualified into size classes (modified from 
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the Ohio qualitative habitat evaluation index, Taft and Koncelik 2006), and depth of the 
water column at the start of the sample. 
Data Analysis 
In order to standardize samples by volume, I calculated the density as number of 
larvae or eggs sampled per cubic meter of filtered water (eggs or fish/m 3, catch per unit 
effort, CPUE). Total larval abundance was calculated as the sum of the total densities 
during each sampling season from all push efforts. To test for differences in drift 
between habitats, I used one-way ANOV As on egg or larval densities, with a Tukey-
Kramer post-hoc test to control for experimentwise error rates. 
A two-way repeated measures ANOV A (proc MIXED, SAS Institute 2009) was 
used to test for differences in larval densities among sites and sample dates. All tests 
using CPUE data were log1o(x+ 1) transformed to meet the assumptions of normality. 
Seasons were categorized as spring (May, June), summer (July, August), and fall 
(September, October). Low water made sampling my spring and summer sites 
impossible in September and October, so I sampled bends that were accessible upstream 
so that five bends were sampled for each sample date (Figure 1.1 ). As only 20 fish were 
sampled in this effort, they were removed from analyses of changes in composition 
through time, and only May through August samples were used. 
Assemblage composition data were analyzed at the family level to reduce the 
possibility of inaccurate conclusions from misidentifications and to accommodate poor 
representation of some genera. Total composition was pooled for each habitat and then 
compared seasonally and by habitat by using nonmetric multidimensional scaling 
(NMDS, PRIMER 6.1.13 and PERMANOV A 1.0.3, PRIMER LTD 2009, Plymouth, 
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U.K). All data were standardized to total catch and then normalized by log(x+ 1) 
transformation. Bray-Curtis similarity was used to explain the differences in composition 
among the different habitats. Nonmetric multidimensional scaling was conducted for 
each season to describe assemblage differences between habitats and similarity 
percentage (SIMPER) was used to see if any particular families were favoring certain 
habitats. Sites were then compared based on their relationship to the confluence of the 
White River. Analysis of similarity (ANOSIM) was used to compare assemblages to 
determine potential differences between habitats for each season. 
To examine environmental relationships among sites and between sites and 
seasons, seasonal means of abiotic variables were analyzed using principle component 
analysis (PCA). The abiotic matrix, containing temperature (0 C), depth (m), dissolved 
oxygen (mg/L), secchi (cm), and substrate size, was analyzed using Primer. All variables 
were log-transformed to meet the assumptions of normality, and Euclidean distance was 
used to analytically explain the differences in habitat. All data from sites upstream and 
downstream of the White River confluence were combined to demonstrate the differences 
in habitat with this change in discharge. 
RESULTS 
Nineteen taxa representing ten families were collected from the Wabash River 
(Table 1.1). The family Cyprinidae was the dominant taxa, representing 42% of the total 
catch, followed by Clupeids (30.5%), Catostomids (14.4%) and Centrarchids (7.2%). 
The families Percidae, Sciaenidae, Lepisosteidae, Hiodontidae, Ictaluridae, and 
Moronidae collectively comprised only 5.9% of the total catch. Catostomidae, 
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Centrarchidae, Clupeidae and Cyprinidae represented 92.7 to 98.4% of the total catch 
within all four habitats (Table 1.1 ). 
From the 166 samples conducted over nine sample dates, a total of 64 7 4 larval 
fish and 3004 eggs were sampled. Within the main river channel 3503 fish were sampled 
(32% inside bend, 18% main channel, 50% outside bend), and the remaining fish were 
collected from tributary habitats. There was a significant effect of habitat (one-way 
ANOV AF= 6.03, df 2, 132, P = 0.003) on larval CPUE, where outside bend habitats 
(mean 0.6741) and inside bend (mean 0.42) habitats had significantly higher CPUE than 
main channel habitats (mean 0.19) (Figure l .2A). Although higher mean densities of 
eggs (CPUE) were observed in main channel habitats (mean 0. 72), there was no 
difference (one-way AN OVA, F = 0.87, df 2, 132, P = 0.42) between the other two 
habitats (inside bend mean 0.29, outside bend mean 0.18, Figure 1.2B). High variation of 
CPUE occurred within tributary habitats, as the range in CPUE over the whole season 
differed between tributaries. Highest CPUE consistently occurred in the Little Wabash 
River with CPUE ranging from 0 to 22 fish per cubic meter. In the other three tributaries 
CPUE was much lower (Big Creek 0 - 1.5 fish per cubic meter, Embarrass River 0 - 1 
fish per cubic meter), and the smallest CPUE occurred in the Patoka River (0 to 0.1 fish 
per cubic). 
Larval densities changed significantly over time (Repeated measures ANOV A, P 
< 0.0001, May through August). The first sampling date, in early May, was not 
significantly different from late May, late July, and August samples, whereas all of the 
June samples and the early July sample had significantly higher catch rates (Table 1.2, 
Figure l .2A). Two-way ANOV A indicated there was a significant effect of season (F = 
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28.68, df2, 11, P < 0.0001), whereas spring (0.24) had significantly higher densities than 
either summer (0.07) or fall (0.006); however, neither habitat (F = 1.87, df 3, 154, P = 
0.13), nor season*habitat interaction (F = 1.19, df 6, 165, P = 0.3165) was significant. 
Although catch rates were log+ 1 transformed, a Shapiro-Wilk test for normality failed (P 
< 0.0001) and was likely influenced by the high catch rates in Spring and the many zero 
catch samples in late fall. Densities oflarval fish were observed to be highest in the 
inside bend (mean 0.13), outside bend (0.17), and tributary mouth (0.17) habitats, and 
these were significantly higher than the main channel habitats (0.07) (Figure l .2A). 
Environmental 
The spring flood pulse occurred from 20 April through 11 May and a moderate 
flood pulse occurred from 29 June through 5 July (Figure 1.3). Water temperatures in the 
river gradually increased through the early summer peaking at 27°C in early July (Figure 
1.4A). Average river secchi depth rose from 24 cm in early May to 34 cm in mid-
October within the main river channel, whereas secchi depths within tributary mouths 
stayed generally higher, ranging from 24 to 40 cm throughout the season (Figure 1.4B). 
Water depths were greatest in outside bend habitat, and lowest within inside bend habitats 
(Figure 1.4C). Total column depth for tributary mouth habitats steadily declined from 5.2 
meters to one meter and then rose to 2.2 meters with the increase in gage depth in 
October (Figure 1.4C). Flow varied between main river habitats, and tributary mouths 
tended to have a lower average flow rate than the main river habitats for the whole 
sampling season (Figure 1.4D). 
Principle component analyses for all habitat variables over all samples dates 
showed a shift, with spring, summer, and fall separating distinctly (Figure l .5A). Spring 
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samples tended to have higher water depth and faster flow rates, summer had higher 
overall temperatures, and fall samples had cooler water temperatures, lower flow rates, 
shallower water depths, and higher secchi depths than the other seasons (Figure l .5A). 
Although there were no distinct groupings of habitats within the river over the whole 
sampling period (Figure l .3B) there was a separation in habitat with relationship to the 
White River confluence, with downstream sites having higher overall depth and smaller 
substrate size than upstream sites for each season (Figure l .5C, Figure l .6ABC). 
Spring and summer samples revealed tributaries had distinctly different habitats 
than the main river habitats, and tributaries were not similar to each other (Figure 
1.6DC). During spring there was a separation of habitats with outside bend habitats 
having a larger substrate size and depth than inside bend and main channel habitats 
(Figure l .6D). Although substrate was smaller in inside bend habitats compared to main 
channel and outside bend habitats during summer (Figure l .6E), all habitats were 
generally homogeneous during fall (Figure l .6F). 
Assemblage Composition 
Densities of eggs and larvae varied considerably over time and space. Whereas 
the highest abundance (CPUE) oflarval densities occurred during June, the peak in egg 
abundance occurred in late May (Figure l .2AB). Interestingly, one sample in the Little 
Wabash River represented one sixth of all larvae sampled for the year. The highest mean 
densities oflarval fish were in late June within tributary mouths. A total of245 fish was 
not used in taxon specific comparisons as they were not preserved well enough to be 
identified. Nonmetric multidimensional scaling revealed that spring samples grouped 
distinctly from both summer and fall samples (Figure l.7A). Overall there was no clear 
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distinction between sites with regard to their relation to the White River confluence 
(Figure 1.7B), and there were no distinct trends separating habitats among seasons 
(Figure 1. 7C). 
Throughout the different seasons, larval fish assemblages in tributary mouths 
tended to separate from the main river habitats (Figure 1.8AB), and ANOSIM analyses 
determined that tributary mouths were distinctly different from river habitats in the spring 
(P = 0.04) and summer (P = 0.04). There was 85% similarity between assemblages 
within inside and outside bend habitats, and 80% similarity between these habitats and 
main channel habitats during spring (Figure l .8A). In the summer the similarity between 
habitats dropped, with inside and outside bend habitats only sharing a 75% similarity in 
larval fish composition and main channel habitats were only 70% similar to these habitats 
(Figure 1.8B). Fall differed from the previous seasons as there was 62% similarity 
between outside bend and main channel habitats whereas inside bend had only 58% 
similarity with the other habitats (Figure l .8C). During both spring and summer 
assemblages seem to shift in relation to the White River confluence (Figure 1.8DEF), 
with a 78% similarity of all sites upstream (80% similarity overall) during spring (Figure 
l.8D), and a 74% similarity for all upstream sites during summer (Figure l.8E). 
Cyprinids were consistently the most abundant family sampled throughout the 
sampling season and they were typically in higher densities in channel margin habitats 
(Table l .3AB). Percids showed a similar trend of higher densities in channel margin 
habitats and were only sampled in spring and summer. There were proportionally higher 
densities oflarval fish in the families Catostomidae and Centrarchidae within main 
channel habitats within spring and summer (Table l .3AB). Clupeids were sampled in the 
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main river habitats in spring only, and were sampled from tributary mouths during both 
spring and summer (Table l.3AB). Hiodontids and Moronids were only sampled during 
spring and their highest densities were within outside bend habitats. Sciaenids, which are 
represented by one species within the Wabash River (Aplodinotus grunniens, freshwater 
drum), were sampled in spring and summer, with relatively even distribution through all 
habitats during spring (Table l .3A) and highest densities within main channel habitats 
during summer (Table 1.3B). There was a relatively even distribution of Lepisosteids 
during spring (Table l .3A) and this switched to only inside bend and main channel 
habitats during summer (Table l.3B). Ictalurids were under-represented within this study 
as only four of the 6474 fish sampled were within this family (Table l.3B). Only 20 fish 
were sampled in fall with highest densities in inside bend habitat. These fish were only 
represented by the families Cyprinidae and Catostomidae (Table 1.3C). 
DISCUSSION 
Many riverine fish rely on flood pulses to cue spawning (Junk et al. 1989), and 
larval abundance often dependent on the timing of flood pulses (Carter et al. 1986, de 
Graaf et al. 1999, Auer and Baker 2002). The highest density of eggs in the Wabash 
River occurred immediately following the flood pulse, and the highest number oflarval 
fish in the sample immediately after. However, larval fish were sampled within the first 
sampling date in early May, so some spawning likely occurred earlier. Spawning, 
although low, was observed through October as larval fish were still collected. 
Egg densities demonstrated passive drift within the Wabash River system as eggs 
are moved by flow forces alone. Though larval fish are displaced by flow, they are 
capable of swimming, and therefore, might be able to maneuver themselves with the flow 
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to occupy better habitats. The highest egg densities were within main channel habitats, 
but this was not significantly different than channel margin habitats. If larvae were 
passively drifting then there would be similar densities among habitats. However, 
significantly higher densities oflarval fishes were within channel margin habitats, 
indicating that larvae were utilizing different habitats, which is consistent with studies on 
other large rivers (V azzoler et al. 1997, Csoboth 2008). Larval fish are moving from the 
thalweg/main channel areas into habitats that might better support this early life stage. 
Within channel margin habitats of the Wabash River the flow was reduced by 
friction (inside bend) or eddies (outside bend), and both of these environmental 
conditions can lead to phytoplankton (larval food) retention (Pflieger 1975, Leslie and 
Timmins 1991 ). Though the source and fate of drifting larvae cannot be determined 
(Scheidegger and Bain 1995), larvae were likely moving to these habitats by an active-
passive drift, where they are subjected to drift but are able to maneuver themselves to 
better habitat by swimming at an angle with the flow. By swimming laterally, larval fish 
would be able to expend low amounts of energy in order to reach these channel margin 
habitats and thus be able to access this food supply. Although it is possible that larval 
fish were entrained in these lower flow areas, this should have been true for eggs as well. 
As density patterns between eggs and larvae in channel margin habitats differed, I believe 
that larval fish were not being entrained and instead were actively moving to these 
habitats. 
Tributaries were an important habitat for larval fish in the Wabash River. Many 
fluvial fishes move up into tributaries to spawn, which allows the eggs and larvae time to 
develop before reaching the confluence with the larger river, particularly during the flood 
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season (Welcomme 1979, Eckblad et al. 1984, Muth and Schmulback 1984, Auer and 
Baker 2002). Tributaries had similar abundances to main channel habitats within the 
summer season, which may either be a result of larval fish moving out of, or further in to, 
the tributary. There was considerable variation between the tributaries sampled, with the 
Patoka River typically having only a few larval fish, whereas Big Creek and Little 
Wabash River tributaries supported high densities oflarval fish. All of these tributaries 
drain agricultural land, but vary in channel length and drainage area. Additional 
assessment of the differences in watersheds is needed to better understand the factors 
driving these differences. 
There was an association between family composition and habitats, with 
Catostomids and Centrarchids having consistently higher densities in the main channel in 
spring and summer, Percids most abundant in channel borders, and Clupeids in highest 
densities in tributary mouths and inside bends. When all seasons were combined I saw 
no difference in abundance between habitats for most families, but Clupeids, Cyprinids, 
Percids, and Sciaenids were found in higher densities in channel margin habitats, which 
was consistent with previous studies (Holland and Sylvester 1983, Scheaffer and Nickum 
1986, Scheidegger and Bain 1995, Raborn et al. 2001, Schultz 2006, Csoboth 2008). 
Sciaenids have been shown to prefer main channel habitats in the Illinois river (Nannini 
et al. 2012). The Wabash River differs from these studies as it is a free flowing system, 
such that the variability in habitats available might be influencing how this species 
behaves. Some family groups are able to orient themselves to habitats that are more 
conducive to their ecological requirements. 
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The White River confluence with the Wabash River had an effect on habitat and 
on the larval fish community. Assemblages were most affected by the confluence 
discharge in spring, where most main river sites were separated based on their relation to 
the confluence. Larval fish could be drifting out of the White River system into the 
Wabash River, effectively changing the family composition in the lower portion of the 
river. Alternatively, the shift in habitat to sandier substrate and deeper water may have 
changed the composition of spawning fish from upstream and downstream of the 
confluence. 
All of the family groups sampled were either fluvial dependents (Catostomidae, 
Cyprinidae, Hiodontidae, Moronidae, Sciaenidae, and Percidae) or macrohabitat 
generalists (Centrarchidae, Clupeidae, Ictaluridae, and Lepisosteidae) (Scheidegger and 
Bain 1995, Csoboth 2008). Pluvial dependents have certain life stages that depend on 
lotic environments while macrohabitat generalists do not (Galat and Zweimuller 2001, 
Csoboth 2008). Macrohabitat generalists are often found in off channel habitats (flood 
plains) and within tributary mouths (Csoboth 2008). I also found these generalists 
species to be in higher concentrations within the tributary mouth habitats, and the fluvial 
specialists to be in higher concentrations in the main river body. Cyprinids, which are 
mainly fluvial dependents, were consistently the most abundant family to be sampled 
through all habitats and seasons, but this was anticipated as many of the fish species 
within the Wabash River are Cyprinids, so high proportions ofCyprinid larvae was 
expected. 
Only ten families of fish were sampled with the push net, which is only a subset 
of the families present within the Wabash River. My sampling protocol was biased 
19 
against benthic-oriented (sturgeon, paddlefish) and parental-guarded larval fish (catfish) 
as I only sampled the top half meter of the water column. Once these larval fish left the 
benthic habitat or the nest, they were physically more developed and larger than newly 
hatched pelagic larvae, which increased their ability to avoid the sampling gear. 
By increasing our understanding of habitats used by larval fish and the timing of 
larval fish appearance, we can extrapolate back to better understand spawning activities 
for species of concern. For example, a total of 325 larval Asian Carp were sampled from 
the Wabash River and all were found at either the most northern sites (river km 273.5) in 
May and June or at river km 27 from May through August. The entire lower Wabash 
River provided adequate spawning grounds for Asian Carp and that they are spawning for 
the duration of the summer. In late June, 156 Asian Carp were sampled in two 
tributaries: Big Creek (river km 272) and Little Wabash River (river km 25). The Asian 
Carp in these tributaries could signify either that these species spawn in these tributaries 
or that larvae move into the tributary as a refuge, as tributaries tended to have lower flow 
rates than river habitats. 
The continuous connectivity within the Wabash River watershed is unique for 
large rivers and provides a model for restored systems. Conservation efforts on large 
rivers should equally consider main channel, floodplain, and tributary habitats (Galat and 
Zweimuller 2001, Csoboth 2008, Nannini et al. 2012). The Wabash River can flood but 
the river was constrained within its natural channel throughout the duration of the study. 
Within bends, larval fish will utilize the different microhabitats present in ways 
conducive to their life history traits, and this could potentially be applied to regulated 
river management. My results provide researches and managers with information on the 
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role that bend habitats play in the life history strategies oflarval fishes and can help guide 
the development ofrestored systems for regulated rivers. Though bends occur naturally 
in free flowing systems, many large rivers are regulated by dams and channelized. 
Decreasing the riffle-pool-run series found within these rivers and instead creates a series 
of pools. By increasing habitat heterogeneity, by adding shallow inside bend habitat, and 
through system-wide management regimes, bend habitats could positively influence 
recruitment oflarval fishes and other target organisms. 
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FIGURES AND TABLES 
Table 1.1 - Total abundance and catch per unit effort (CPUE, no. fish/m3 x 100) oflarval 
fish sampled in 166 larval pushes from the Wabash River, Illinois/Indiana border. Total 
counts of all larval fish sampled in each family are in bold, and percentage of the total 
catch within each habitat are in parentheses. 'Unknown' were larvae known to be within 
each family but they were not able to be keyed to a lower taxonomic group. 
Habitat 
Family Inside Main Outside Trib. 
Genus/Species Bend CPUE Channel CPUE Bend CPUE Mouth CPUE 
Catostomidae 197 (17.51) 6.61 184 (29.16) 6.11 233 (13.34) 8.70 75 (2.61) 4.74 
Jctiobus 107 3.59 97 3.22 141 5.27 85 5.37 
Carpiodes 58 1.95 78 2.59 74 2.76 49 3.10 
Moxostoma II 0.37 6 0.20 7 0.26 0.06 
Cycleptus 6 0.20 2 0.07 14 0.52 3 0.19 
Unknown 10 0.34 0 0.00 I 0.04 0 0.00 
Centrarchidae 59 (5.24) 1.98 65 (10.3) 2.16 119 (6.81) 4.45 106 (3.69) 6.70 
Lepomis 33 I.JI 34 1.13 74 2.76 52 3.29 
Pomoxis 0.03 0 0.00 3 0.11 4 0.25 
Micropterus 20 0.67 31 1.03 40 1.49 45 2.85 
Unknown 0.17 0 0.00 2 0.07 5 0.32 
Clupeidae 1211 233 (20.71) 7.81 76 (12.04) 2.53 280 (16.03) 10.46 (42.18) 76.57 
Cyprinidae 1433 554 (49.24) 18.58 275 (43.58) 9.14 989 (56.61) 36.95 (49.91) 90.61 
Cyprinus carpio 7 0.23 4 0.13 13 0.49 0.51 
Ctenopharyngodon 
idella 0 0.00 23 0.76 2 O.Q7 0 0.00 
Asian Carp complex 56 1.88 12 0.40 99 3.70 157 9.93 
Unknown 491 16.47 236 7.84 875 32.69 1268 80.18 
Hiodontidae 1 (0.09) 0.03 1 (0.16) 0.03 7 (0.40) 0.26 1 (0.03) 0.06 
Ictaluridae 1 (0.09) 0.03 0 (0.00) 0.00 2 (0.11) O.Q7 1 (0.03) 0.06 
Jctalurus punctatus 0 0.00 0 0.00 0.04 1 0.06 
No torus 0.03 0 0.00 0 0.00 0 0.00 
Unknown 0 0.00 0 0.00 0.04 0 0.00 
Lepisosteidae 4 (0.35) 0.13 2 (0.32) 0.07 4 (0.23) 0.15 4 (0.14) 0.25 
Lepisosteus osseus 2 0.07 0.03 0.11 0.06 
Lepisosteus 
platostomus 0.03 0.03 0 0.00 0 0.00 
Unknown 1 0.03 0 0.00 0.04 3 0.19 
Moronidae 0 (0.00) 0.00 0 (0.00) 0.00 2(0.11) O.Q7 1 (0.03) 0.06 
Percidae 42 (3.73) 1.41 8 (1.27) 0.27 55(3.15) 2.05 22 (0.77) 1.39 
Sciaenidae 34 (3.02) 1.14 20 (3.17) 0.66 56 (3.21) 2.09 17 (0.59) 1.07 
Total Number of 1125 37.73 631 20.97 1747 65.27 2871 181.53 
Individuals 
Mean(SE) 112.5 (55.8) 63.I (29.7) 174.7 (95.8) 287.1 (173.6) 
Median (SE) 38 (55.8) 14 (29. 7) 55.5 (95.8) 19.5 (173.6) 
Number of Genera 
Mean(SE) 3.5 (0.4) 2.9 (0.3) 3.6 (0.4) 2.7 (0.6) 
Median (SE) 3 (0.4) 3 (0.3) 3 (0.4) 2 (0.6) 
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Table 1.2 - Repeated measures ANOVA for larval fish densities (no. fish I m3) between 
May and August as sampled by way of a conical-cylindrical ichthyoplankton net in the 
Wabash River. Partial Correlation Coefficients from the Error SSCP Matrix (top) I Prob 
> lrl (bottom). 
Time Period 
Time 
Period t1 t2 t3 t4 t5 t6 t7 
tl 1.000000 0.317004 0.581798 0.831855 0.791736 0.409153 0.003316 0.1860 0.0090 <.0001 <.0001 0.0820 0.9893 
t2 1.000000 -0.035951 0.116759 0.059231 0.258899 0.024345 
0.8838 0.6341 0.8097 0.2845 0.9212 
t3 1.000000 0.844086 0.627958 0.095131 -0.087661 
<.0001 0.0040 0.6985 0.7212 
t4 1.000000 0.808218 0.212448 -0.100224 
<.0001 0.3826 0.6831 
t5 1.000000 0.259839 -0.197629 
0.2827 0.4174 
t6 1.000000 0.596608 
0.0070 
t7 1.000000 
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Table 1.3 - Proportion of each family group within each season, (A) spring (May/June), (B) summer (July/August), and (C) fall 
(September/October), sampled within the Wabash River using a larval push in 2013. Samples were collected from three habitats 
located within well-defined bends: the inside bend (IB), main channel (MC), outside bend (OB), and from tributary mouths (TM) by 
way of a conical-cylindrical ichthyoplankton net. 
A Spring 
Habitat n Catostomidae Centrarchidae Clupeidae Cyprinidae Hiodontidae lctaluridae Lepisosteidae Moronidae Percidae Sciaenidae 
IB 936 14.53 5.13 24.89 47.65 0.11 0.00 0.32 0.00 3.74 3.63 
MC 469 24.95 10.02 16.20 43.92 0.21 0.00 0.21 0.00 L28 3.20 
OB 1427 12.33 6.80 19.62 53.19 0.49 0.07 0.28 0.14 3.22 3.85 
TM 2566 2.92 2.61 43.30 49.53 0.04 0.00 0.16 0.04 0.74 0.33 
Total 5398 9.34 4.80 31.49 49.69 0.19 0.02 0.22 0.06 1.96 2.24 
B Summer 
Habitat n Catostomidae Centrarchidae Clupeidae Cyprinidae Hiodontidae Ictaluridae Lepisosteidae Moronidae Percidae Sciaenidae 
IB 180 31.67 6.11 0.00 57.22 0.00 0.56 0.56 0.00 3.89 0.00 
MC 154 41.56 11.69 0.00 41.56 0.00 0.00 0.65 0.00 1.30 3.25 
OB 315 17.78 6.98 0.00 71.75 0.00 0.32 0.00 0.00 2.86 0.32 
TM 162 0.00 24.07 61.73 11.73 0.00 0.62 0.00 0.00 1.85 0.00 
Total 811 21.82 11.10 12.33 50.80 0.00 0.37 0.25 0.00 2.59 0.74 
c Fall 
Habitat n Catostomidae Centrarchidae Clupeidae Cyprinidae Hiodontidae Ictaluridae Lepisosteidae Moronidae Percidae Sciaenidae 
IB 9 44.44 0.00 0.00 55.56 0.00 0.00 0.00 0.00 0.00 0.00 
MC 6 16.67 0.00 0.00 83.33 0.00 0.00 0.00 0.00 0.00 0.00 
OB 5 20.00 0.00 0.00 80.00 0.00 0.00 0.00 0.00 0.00 0.00 
TM 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 20 30.00 0.00 0.00 70.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Figure 1.1- Wabash River larval push sites in spring (May/June), summer (July/August, 
numbers) and fall (September/October, letters). Sites were shifted in fall due to low 
water. 
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Figure 1.2 - Average catch per unit effort (CPUE) (± SE) of (A) eggs (no. eggs/m3) and 
(B) larval fish (no. fish/m3) for all habitats (inside bend [IB], main channel [MC], outside 
bend [OB], tributary mouths [TM]) collected from the Wabash River, 2013, using a 
conical-cylindrical ichthyoplankton net. 
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White River confluence (river mile 96), and between habitats (inside bend [IB], main channel 
[MC], outside bend [OB], tributary mouths [TM]) sampled from the Wabash River using a 
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CHAPTER TWO 
Habitat Use of Juvenile Fishes in a Free Flowing River Using a Benthic Trawl 
INTRODUCTION 
Most studies of fish assemblages have focused on smaller rivers, on large-bodied 
fish taxa, or on fish that can be sampled in near-shore habitats in large rivers with boat 
electrofishing and passive gears. Small benthic fishes and juvenile fishes tend to be 
under represented in surveys of large rivers. There is little knowledge of the habitat 
preferences of these groups in free flowing systems (Petts et al. 1989, Bain 1995). 
Technical difficulties exist with fish sampling in deep and fast-flowing water (Persat and 
Copp 1990). For example, boat electrofishing is an effective way to sample large rivers 
for a broad range offish sizes and species (Murphy and Willis 1996, Chick et al. 1999, 
Miranda 2005, Miranda and Kratochvil 2008). Unfortunately, boat electrofishing is 
typically only able to effectively sample fish in the top three meters of the water column 
(Reynolds 1996, Ruetz et al. 2007), and is biased towards immobilizing larger fish 
(Dolan and Miranda 2003). As water depth in large rivers often exceeds three meters, 
most assemblage surveys conducted using boat electrofishing have under represented 
small benthic and juvenile fish. Gill nets, hoop nets, and fyke nets sample fish in relation 
to their mesh size, with larger meshes retaining larger fish and smaller mesh excluding 
large fish (Holland and Peters 1992, Shoup et al. 2003, Ruetz et al. 2007). Seines are 
used in streams and lakes for sampling small-bodied fishes, but are ineffective in large 
rivers as the depth and current renders the seine ineffective (Aadland and Cook 1992). 
This bias against small fish in river surveys has led to many of these fishes being 
considered uncommon or endangered throughout their natural ranges. 
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Management of fish populations is difficult without understanding the habitats 
used by all life stages. The first year of life is an important life stage for all fishes 
(Gullan 1965, Crecco and Savoy 1985, Aadland and Cook 1992, Kirk et al. 2010). 
Larval and juvenile life stages fishes undergo many morphological changes that allow the 
developing fish to better navigate their environment, as they develop better eyesight, 
musculature, and fin distinction (Balon 1975, Webb 1975). Even with these 
developments, juvenile fish are still susceptible to high rates of predation ( Oberdorff and 
Porcher 1992), but are able to utilize different habitats within the river than they did as 
weak-swimming larvae. Improved musculature in the jaw allows for changes in feeding 
from endogenous to exogenous sources, which may influence habitat choice (Urho 2002). 
In 2002, Herzog et al. (2005) developed the mini-Missouri trawl to sample large 
rivers for benthic fishes. This trawl is a modification of a two-seam slingshot balloon 
trawl with an extra bag attached completely over the original trawl (Gutreuter et al. 
1995). The inside mesh is made of a larger bar mesh (38 mm) than the outside mesh ( 4 
mm) which allows the net to act like a series of filters, such that smaller fish pass through 
the inner mesh and are retained in the outer mesh. This also helps for retention of the 
catch in the event of a snag (Herzog et al. 2009). With this tr:awl, Herzog and co-authors 
(2005, 2009) and Kirk et al. (2010) were able to expand distributional records and re-
discover small benthic fishes that had not been sampled in their systems for many years. 
Freedman et al. (2009) modified this trawl with DC electricity (cathode lead line and 
otter boards, anode ticklers along headlines) and found that the electrified trawl sampled 
significantly more fish, more large fish, and more species than the standard non-
electrified trawl. 
34 
I used a DC-electrified mini-Missouri trawl to sample b~nd habitats within the 
Wabash River. Macrohabitats within bend habitats are unique in free flowing systems as 
they are constantly changing, allowing the river channel to shift over time. Most large 
rivers have been channelized and dammed, which prevents the formation of these bends. 
By understanding how fish assemblages are utilizing their natural environment the 
information gained here can be applied to impounded rivers in hopes of restoring natural 
populations. The goals for this study were to (1) determine the efficacy of using a trawl 
in a large, unimpounded river for sampling benthic and juvenile fishes, (2) assess the 
spatio-temporal effects of habitat on fish assemblages, (3) investigate how the White 
River's discharge, which almost doubles the size of the Wabash River, affects fish 
assemblages in similar habitats, ( 4) determine small-bodied and juvenile fish (less than 
200 mm) habitat preferences. 
METHODS 
I sampled juvenile, and small benthic fish in bend habitats of the lower 322 km 
portion of the Wabash River, where the river forms the border between Illinois and 
Indiana, during 13 May-15 October, 2013. Juveniles were defined as any fish less than 
200 mm in total length that have average adult sizes over 200 mm in total length (i.e. not 
shiner, madtom, or darter species). Eight bends were sampled monthly for a total of24 
samples each month (Figure 2.1). Four of these bends were upstream of the confluence 
of the White River with the Wabash River, and four were downstream. Seasons were 
defined as spring, April and May, summer, June and July, and fall, September and 
October. Sites were shifted in fall as low water and high fishing pressure, from passive 
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gears left by local fishermen within the sampled bends, made sampling the same sites 
from spring and summer impossible (Figure 2.1 ). 
Sample stations were located along three habitats within each bend: 1) inside 
bend, 2) outside bend, and 3) main channel (roughly equidistance between the other two 
habitats to accommodate for varying channel widths). Characteristics of these habitats 
included a sharp cut bank shoreline for the outside bend, and the presence of either a 
sand- or gravel- bar within the inside bend habitat. I trawled as near to the shoreline as 
possible for inside and outside bends, but sometimes shallow water (inside bend) or 
downed trees (outside bend) forced the sample to be conducted closer to the main 
channel. 
I measured a variety of environmental variables at each station before sampling to 
examine effects on catch rate. Water quality variables included: secchi depth (cm), 
dissolved oxygen (mg/L), conductivity (µs), water temperature (0 C) (YSI Model 52 
Dissolved Oxygen Meter, Yellow Springs Instruments, Yellow Springs, Ohio, USA), and 
water flow (mis) (model 2030R, General Oceanics, Inc., Miami, Florida, USA; Flo-Mate 
model 2000, Marsh McBimey, Inc., Frederick, Maryland, USA); all (except secchi depth) 
were sampled at half meter depth. A ponar grab was used to sample substrate, and 
substrate was categorized as either clay, sand, gravel, cobble, boulder, or bed rock, and 
numerical values were assigned to each classification (clay (1) to bedrock (6)) based on 
substrate size as modified from the Ohio qualitative habitat evaluation index (Taft and 
Koncelik 2006). River height (m) at the permanent gauge in Mount Carmel, Illinois was 
recorded as the height at noon on each sampling date. Environmental variables were log 
transformed to meet normality requirements and were compared using a principle 
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component analysis (PCA) and Euclidean distance (PRIMER 6.1.13 and PERMANOV A 
1.0.3, PRIMER LTD 2009, Plymouth, U.K.) to show changes in the environment 
between seasons for all habitats, and between seasons for changes in habitat as produced 
by the White River discharge. 
A mini-Missouri trawl (0.91 m by 2.44 m mouth, 4.57 m long, Innovative Net 
Systems, Milton, Louisiana) was modified to conduct DC electricity. Wooden otter 
boards were replaced with steel otter boards, steel airplane cables were run along the 
length of the float and lead lines of the net from otter board to otter board, and twelve 
one-foot long droppers, made of one inch steel conduit pipe, were connected to the float 
line. The droppers acted as the anode whereas the otter boards and lead line acted as the 
cathode. A DC power source was produced by use of a generator and regulated by use of 
an ETS electric box set to 60 hertz pulse. For each trawl the power output was 
manipulated so that the output was between 30 and 35 ampere to accommodate for the 
varying conductivities within the watershed. 
Trawling was conducted by deploying the trawl off the front of the boat while 
driving the boat backwards "downstream at a slightly faster rate than the flow of water for 
three minutes. Trawling time did not start until the net was fully deployed, the head lines 
were taught (15.24 m length), and the electricity was on. I shortened the headlines to 
seven meters in shallow water to help reduce snagging and digging in to uneven surfaces. 
In the event of a snag the sample was included if sampling occurred for more than two 
and a half minutes and still retained fish within the net upon retrieval, and if not the area 
was resampled. 
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Fish over 150 mm in total length were identified, measured, and weighed in the 
field then released. Any fish that was less than 150 mm in total length was fixed in 10% 
formaldehyde solution and then identified in the laboratory, except for protected species 
which were released. Catch per unit effort (CPUE) was calculated as the number of fish 
sampled per minute of trawling effort. I compared CPUE between habitats and between 
seasons using a two way ANOVA in SAS (2009, SAS Institute Inc., Cary, North 
Carolina)), and I used a linear regression to determine which environmental variables 
. ... . · 
influenced total catch, with sample depth, secchi depth, dissolved oxygen, water 
temperature, and flow as the independent variables. 
Fish assemblages were analyzed using non-metric multi-dimensional scaling 
(NMS, Primer 6) to visualize potential difference in the relative abundances of fish taxa 
between habitats, seasons, and relation to the White River confluence. All assemblage 
data used for NMS were standardized for each sample, and then log+ 1 transformed to 
reduce the weight of the most abundant species (Legendre and Legendre 1998). Bray-
Curtis similarity was used to determine the ordinational difference between each group. 
To test for the differences in small-bodied and juvenile fish assemblages, all fish over 
200 mm were removed from the data set and similar analyses conducted (Freedman et al. 
2009). 
RESULTS 
During 2013, I sampled 1857 fishes from 119 trawls in the Wabash River. My 
samples included 40 species from 23 genera and 9 families (Table 2.1). Fish ranged in 
size from 10 to 1120 mm in total length with a mean of 74.3 mm and median of 34.5 mm 
(SE 3.01, Figure 2.2). Overall, fishes less than 120 mm in total length comprised 87.8% 
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of the catch. Catch was variable between habitats with 61.5% from inside bend habitats, 
17% main channel, and 21.5% from outside bend habitats. A linear regression of all 
habitat variables indicated that total catch was negatively correlated with, and 
significantly influenced by, depth of the sample (SAS, proc corr, P < 0.0001, Figure 
2.3A, see appendix A for complete table). However, with sites that were greater than 4.6 
min total depth removed from the analysis, the regression become non-significant for 
depth (P = 0.10, Figure 2.3B). 
Highest flow rates occurred on the first sampling date in May and then steadily 
declined through October (see appendix A for habitat figures). Water temperatures were 
l 7°C in May, rose steadily to 25°C in July, and then decreased to l 5°C in October. 
Water depth varied significantly between habitats (ANOVA, P < 0.001). Within the 
outside bend and main channel the depth was about six meters(± 1 m) in May then 
steadily decreased to three meters(± 0.5 m) in October; for inside bend habitats the depth 
remained constant around 2 meters. Secchi depth remained constant between May and 
July at around 23 cm, and then increased in August through October to approximately 34 
cm. 
Habitat Associations 
Consistently significantly higher CPUE in inside bend habitats in all seasons 
(Figure 2.4, AN OVA df 2, 116, P < 0.01). Mean lengths of fish sampled from inside 
bend habitats were significantly smaller (ANOVA df= 2, P < 0.001, mean= 69.9 mm) 
than those from the main channel (76.8 mm) or the outside bend (84.8 mm). A two-way 
ANOVA comparing season (spring, summer, and fall) and habitat (inside bend, outside 
bend, and main channel) indicated there was a significant effect of season (P < 0.0001, df 
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2, 8), and a significant effect of habitat (P < 0.0001, df 2, 129), but not a significant 
interaction of season*habitat (P = 0.2518, df 4, 137) regarding catch per unit effort 
(Figure 2.4). Assemblages within wside bend habitats were similar in all seasons (Figure 
2.5AB), whereas main channel and outside bend assemblages varied more over time. 
Species driving this distinction were channel catfish, freshwater drum, sand shiner and 
shoal chub within inside bends, blue catfish, common carp and shovelnose sturgeon in 
main channel habitats, and bluegill, quillback, flathead catfish, shortnose gar, and blue 
suckers in outside bend habitats (SIMPR, Table 2.2). 
A PCA using the five different environmental variables (water temperature, 
secchi, substrate, flow, and dissolved oxygen) revealed a strong spatial separation of 
inside bend habitats from outside bend and main channel habitats. Inside bends had 
larger substrate diameter, shallower water, and colder water temperatures (Figure 2.6A). 
Sites above the White River confluence had a greater secchi depth, higher dissolved 
oxygen concentrations, and larger substrate size (Figure 2.6B), but this did not seem to 
affect assemblage structure (Figure 2.5C). However, when assemblages for each location 
and habitat were combined, there was a difference in composition within inside bend 
habitats in relation to the confluence (Figure 2.7). The species that drove this separation 
were sand shiner, river shiner, channel catfish, and smallmouth buffalo upstream, and 
silver chub, shoal chub, and blue catfish downstream. 
Composition by Season 
There was a seasonal shift in habitat variables, characterized by a decrease in flow 
and a gradual homogenization of habitats from spring to fall (Figure 6C). CPUE was 
significantly higher in the summer than in the other seasons (2 way ANOV A, df 2, 8, P < 
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0.0001, Figure 2.4), and assemblage composition within bend habitats shifted (Figure 
2.5A). The shift in composition between seasons was due to high abundances of black 
buffalo, common carp, mountain madtom, quillback, shoal chub, and spotfin shiner in the 
spring, blue catfish, channel catfish, blue sucker, and stone cat in the summer, and 
emerald shiner, bullhead minnow, river carpsucker, sand shiner, and silver carp in the fall 
(Table 2.3). 
Small-Bodied Fish Assemblages 
Similar patterns were found for all fish less than 200 mm in total length, and for 
only juvenile fish that were less than 200 mm in total length, in that assemblage 
composition shifted between seasons (Figure 2.8AC) and that inside bend assemblages 
stayed similar and well grouped through the whole sampling season (Figure 2.8BD). The 
White River had little measurable effect on species composition in any habitat. Species 
driving the shift in assemblage between seasons were the same for both groups. In spring 
quillback, common carp, and gizzard shad were most abundant, whereas channel catfish 
and blue catfish where most abundant, and the largest distinguishing group, in summer. 
In the fall channel catfish and blue catfish were still causing separation from spring 
samples, and river carpsuckers and freshwater drum abundances separated this season 
from summer. 
DISCUSSION 
Species composition and size structure of fish samples differed among bend 
habitats and among seasons. Assemblages based on all fish, on only small-bodied fish, 
and on only juvenile fish showed the same patterns in assemblage shifts through the 
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seasons. Larger fish had little effect on the overall assemblage composition, as larger fish 
were also typically represented by juveniles. 
The major habitat associations found were that small-bodied fish species occurred 
primarily within inside bend habitats whereas larger-bodied adult species were found 
largely within main channel and outside bend habitats. Inside bends assemblages were 
consistent regardless of the date or the species of fishes. Indicating assemblages did not 
change much throughout the year (Peterson and Rabeni 2001). The species prevalent in 
these habitats tended to be small-bodied benthic fishes (i.e. darters, madtoms) and 
juveniles. It is possible that these fish were utilizing inside bend habitat to avoid 
predation or to avoid the higher flow within the adjacent habitats (Statzner et al. 1988). 
Though rm-vegetated sand and gravel bars did not offer much cover from predation, they 
had lower water volumes and current than the main channel and outside bend habitats 
(Copp 1992). 
Mean depth and current velocity were most strongly related to fish distribution 
and community structure, and that larger fish tended to be found in habitats with deeper 
water and higher velocity than small fish (Aadland 1993, Bain 1995, Lamouroux et al. 
1999, Peterson and Rabeni 2001). The fewer small-bodied taxa found within the main 
channel and outside bend habitats was not surprising as habitats with high current 
velocity would require fish to expend a greater amount of energy to maintain their 
position (Bisson et al. 1982, Facey and Grossman 1999). Fish within outside bend and 
main channel habitats that differed from inside bend habitat were shovelnose sturgeon, 
common carp, quillback, blue sucker, and smallmouth buffalo. All of these species are 
considered larger-bodied species when adults, whereas the species that were responsible 
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for the grouping of inside bend habitats were mainly small-bodied species as adults(< 
200 mm, Pflieger 1975). 
The White River's added discharge had a measurable effect on the habitat of the 
Wabash River. Sites downstream of the confluence were generally deeper and had 
substrate with smaller particle size (sandier). This was not unexpected as tributaries add 
their sediment loads to the main river in addition to their water supply (Dietrich et al. 
1989). These habitat changes did not seem to have an effect on assemblage composition 
within seasons, but did when the sites were combined, specifically within inside bend 
habitats. Sites downstream of the White River confluence were deeper than sites 
upstream of the confluence, and these changes in depth may have influenced the 
effectiveness of the trawl. The change in substrate may also have changed species 
composition as some species prefer gravel substrates over sandier substrates (Copp 
1992), and sandy substrates offer l~ss interstitial spaces for fish to hide for net avoidance. 
Total catch, and thus efficiency of the trawl, was influenced by total depth of the 
water column. The trawl was effective at sampling inside bend habitats as they remained 
at less than 4.2 m in total depth throughout the year, whereas the other sites were 
sometimes greater than ten meters in total depth, especially during the spring. Deeper 
sampling locations were probably less effectively sampled for benthic fishes. Changes in 
assemblages from spring to summer were likely due to the difficulty in sampling the 
deeper habitats, which may also have influenced the lack of distinction between outside 
bend and main channel habitats in the spring. However, lack of distinction was also 
observed in summer (July and August) when all sites were effectively sampled for 
benthic-oriented species, with high catch rates. This indicates that the pattern seen in 
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spring is representative of the actual assemblage structure. Ifbenthic fishes were 
utilizing all habitats similarly this grouping would not have been seen. 
Trawl sampling in the Wabash River was also different in the fall, as natural 
decreases of water depth in this free flowing river and the presence of passive fishing 
gear from local fishermen made habitats difficult to sample. Shallow water within the 
inside bend habitat in the fall resulted in the trawling location being moved further into 
the main channel and required a zig-zag pattern of trawling to help reduce prop-wash 
influences on the catch. Outside bend habitats were also harder to sample in the fall as 
snags became difficult to avoid. The similarity between fish assemblages in the fall may 
have resulted from a narrower river channel than the spring and summer samples, and 
from sample sites being conducted closer together to avoid snags and fishing gear. There 
was also increased habitat homogeneity and this may have influenced assemblages as 
smaller fish were no longer restricted to protected areas as the flow was minimal 
throughout the whole bend habitat. 
Electrofishing techniques are the most commonly used sampling methods in 
estimating fish assemblages in running waters. By using an electrified trawl, I was able 
to sample small benthic fishes that are difficult to sample using traditional methods. 
However, although some non-benthic taxa were captured, the sampling method was 
biased toward the capture ofbenthic rather than pelagic or littoral fishes. Darters, 
shiners, and juvenile catfish represented a majority of the catch whereas other species, 
such as sunfish, were underrepresented in the sampling. 
The trawl was effective at sampling small-bodied fish as the majority of the fish 
sampled were less than 200 mm in total length, consistent with previous studies (Herzog 
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2005, Freedman et al. 2009, Freedman 2010). Within this small size range of fish, 
juvenile blue and channel catfish were sampled, as well as a variety of other juvenile fish 
such as freshwater drum, shovelnose sturgeon, and smallmouth buffalo. Catfish are 
cavity spawners and tend to be under represented as juveniles in river surveys using 
standard gear, such as hoopnets and boat electrofishing. With the trawl, however, 
juvenile catfish made up a majority of the catch, suggesting that trawling is an effective 
method for sampling early life history stages of catfish in large rivers. 
Species composition between habitats shifted over time, with certain species 
shifting in abundance between habitats. For example, Freshwater drum appeared to 
switch their habitat preference from inside bend, in the spring, to outside bend, in 
summer, back to inside bend in the fall. Drum were rarely sampled within the main 
channel habitats. Drum adults move towards near shore habitat at night (Rypel and 
Michell 2007), and this study observed juveniles utilizing this same habitat. It is possible 
that this species utilizes inside bend habitats in high flow events to avoid displacement, 
and also for feeding, as young mussels and macroinvertbrates are commonly found 
within inside bend habitats (Zigler et al. 2008). 
Interestingly, very few gizzard shad, flathead catfish, and silver carp were 
sampled in the trawl. These data suggest that these species are not common in the 
Wabash River. This is unlikely as gizzard shad tend to be abundant in large river systems 
in mid-North America (Crecco and Blake 1983, Crecco and Savoy 1987). Furthermore, 
there is a large, healthy population of flathead catfish in the Wabash River (Moody 
2013), and silver carp are a nuisance invasive species that has been found to be spawning 
in the river (chapter one). It is possible that the adults of these species were sensitive to 
45 
the electric field generated by the trawl and were able to avoid the net before they could 
be stunned. It is also possible that the juvenile fish were utilizing different habitats 
within the river, such as the straight stretches of the channel, riffles, or side channels 
along islands, where I did not sample. Flathead catfish might have been utilizing snag 
habitat, which I avoided in order to protect the trawl from snagging. Whatever the case, 
trawling seemed to be an effective method for sampling juveniles of many species and 
possibly trawling in a larger variety of habitats would be better for sampling these species 
that are known to be in higher densities in the river. 
Net avoidance of trawls has been observed in marine fisheries (Kuipers 1975, 
Reiss et al. 2006), and the tow duration often results in changes in total catch (Wieland 
and Storr-Paulsen 2006, Madhu and Panda 2009). Net avoidance was decreased by 
electrifying the trawl, by immobilizing fish before they could swim away from the mouth 
of the trawl. Many fish over 200 mm in total length were captured and many of the 
larger fish were still showing signs of electric stunning upon retrieval of the net. Small 
fish are more difficult to immobilize with electrofishing than large fish (Dolan and 
Miranda 2003), and it is possible that a different arrangement or number of droppers 
might result in higher efficiencies at sampling these small fishes so that net avoidance 
becomes negligible. For electric shocking equipment, the highest voltage gradients are 
typically within 5 cm of anode droppers (Henry et al. 2001), and catch rates differ based 
on their arrangement (Heidinger et al. 1983, Miranda and Kratochvil 2008). It is possible 
a redesigned trawl with a different anode arrangement it might be possible to more 
effectively stun smaller fish. 
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Previous studies of fish composition in the Wabash River have sampled with a 
non-electrified mini-Missouri trawl and boat electrofishing. Trawling on the Wabash 
River was conducted by Frankland and Fisher between 2009 and 2012 (Illinois and 
Indiana DNR, unpublished), for presence/absence of fish species along the 100 km 
stretch of river between Darwin, IL, and the White River confluence at Mount Carmel, 
IL. They sampled 19 to 33 in any given year, whereas my electrified trawl sampled 40 
species within one year. This difference may be a result of total effort, but even within 
any one season (48 pulled trawls), 26 species were sampled, suggesting that the 
electricity was influencing the overall catch. 
Boat electro fishing surveys for the Wabash River are conducted for the Long 
Term Resource Management Program (LTRMP) and the Long Term Electrofishing 
(LTEF) program. These studies use 26 hours of DC boat electrofishing effort to sample 
random habitats throughout large rivers between June and October each year. In 2013, 
over the same time period as this study, LTEF samples on the Wabash River produced 
only 13 species under 200 mm in total length (unpublished), whereas the electrified trawl 
sampled 33 species under 200 mm in total length. This may result from the fact that boat 
electrofishing is only able to effectively sample the top three meters of the water column 
(Novotny and Priegel 1974), whereas trawling samples the benthic environments and 
lower portions of the water column (Herzog 2005, Freedman et al. 2009, Freedman 
2010). However, the sheer variety of small-bodied fish that were not sampled within the 
LTEF efforts indicates that trawling should be added to large river surveys (Koryak et al. 
2008, Freedman 2010, Argent and Kimmel 2011). 
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The electrified mini-Missouri trawl is an effective means for sampling small-
bodied and benthic fishes from large rivers. By electrifying the trawl, net avoidance is 
presumably decreased resulting in larger sample sizes and more species. The trawl was 
effectively used to sample different macrohabitats by juvenile sport fish, a life history 
group that is otherwise under-represented in surveys using standardized survey gear. I 
recommend combining the electrified trawl with standard gear to help supplement 
demographic data and to help learn more about small-bodied fish species and their use of 
habitats in large. 
48 
Table 2.1-Total abundance of fishes caught in 119 DC-electrified mini-Missouri trawls 
in the Wabash River, Illinois/Indiana. 
Habitat Type 
Family Species Inside Bend Main Channel Outside Bend 
Acipenseridae 
Shovelnose Sturgeon Scaphirhynchus platorynchus 7 6 
Catostomidae 
River Carpsucker Carpiodes carpio 6 0 1 
Quillback Carpiodes cyprinus 5 2 7 
Blue Sucker Cycleptus elongates 5 0 4 
Smallmouth Buffalo Jctiobus bubalus I 7 5 
Bigmouth Buffalo Jctiobus cyprinellus 1 0 0 
Black Buffalo Jctiobus niger 3 2 1 
Shorthead Redhorse Moxostoma macrolepidotum 1 0 0 
Centrarchidae 
Bluegill Lepomis macrochirus 0 0 
Clupeidae 
Skipjack Herring Alosa chrysochloris 1 0 0 
Gizzard Shad Dorosoma cepedianum 2 l 0 
Cyprinidae 
Spotfin Shiner Cyprinella spiloptera 21 3 1 
Steelcolor Shiner Cyprinella whipplei 13 0 0 
Common Carp Cyprinus carpio 0 6 4 
Mississippi Silvery Minnow Hybognathus nuchalis 6 5 0 
Silver Carp Hypophthalmichthys molitrix 6 9 7 
Common Shiner Luxilus cornutus 0 l 0 
Shoal Chub Macrhybopsis hyostoma 263 16 21 
Silver Chub Macrhybopsis storeriana 19 2 0 
Emerald Shiner Notropis atherinoides 5 1 0 
River Shiner Notropis girardi 41 3 1 
Sand Shiner Notropis stramineus 194 16 7 
Channel Shiner Notropis wickliffi 6 l 0 
Bullhead Minnow Pimephales vigilax 21 0 1 
Ictaluridae 
Blue Catfish Jctalurus furcatus 18 43 37 
Channel Catfish Jctalurus punctatus 393 181 257 
Mountain Madtom Noturus eleutherus 12 4 7 
Stonecat Noturus jlavus 2 4 3 
Brindled Madtom Noturus ·miurus 18 0 1 
Flathead Catfish Pylodictis olivaris 2 0 3 
Lepisosteidae 
Longnose Gar Lepisosteus osseus 0 0 2 
Shortnose Gar Lepisosteus platostomus 3 0 2 
Percidae 
Fantail Darter Etheostomajlabellare 0 0 1 
Speckled Darter Etheostoma stigmaeum 0 0 1 
Log Perch Percina caprodes 4 0 l 
Slenderhead Darter Percina phoxocephala 7 0 0 
River Darter Percina shumardi 1 0 l 
Dusky Darter Percina sciera 2 0 2 
Sauger Sander Canadensis 3 0 0 
Sciaenidae 
Freshwater Drum Aplodinotus grunniens 45 0 13 
Total Abundance (all trawls) 1131 314 398 
Mean (SE) 45.2 (7.4) 13.0 (3.7) 16.5 (6.3) 
Median (SE) 41 (7.4) 6 (3.7) 4.5 (6.3) 
Number of Species per trawl 
Mean (SE) 6.6 (0.6) 3.1 (0.4) 2.9 (0.4) 
Median (SE) 7 (0.6) 3 (0.4) 3 (0.4) 
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Table 2.2 -Average abundance (SIMPER) of fish sampled from different bend habitats 
within the Wabash River using an electrified mini-Missouri trawl in 2013. Habitats were 
inside bend (IB), main channel (MC), and outside bend (OB). 
Mean Abundance 
S_Qecies IB MC OB 
Blue Catfish 0.65 1.6 0.7 
Bluegill 0 0 0.29 
Blue Sucker 0.23 0 0.58 
Bullhead Minnow 0.51 . 0 0.29 
Channel Catfish 5.14 3.63 2.66 
Common Carp 0 1.07 0.86 
Dusky Darter 0.17 0 0.2 
Emerald Shiner 0.23 0.17 0 
Fantail Darter 0 0 0.29 
Flathead Catfish 0.08 0 0.31 
Freshwater Drum 1.75 0.45 1.26 
Gizzard Shad 0.26 0.19 0 
Mississippi Silvery Minnow 0.49 0.56 0 
Mountain Madtom 0.16 0.56 0.47 
Quill back 0.21 0.64 1.69 
River Carpsucker 0.37 0 0.42 
River Shiner 0.6 0.31 0.24 
Sand Shiner 2.68 1.09 0.5 
Shoal Chub 3.78 2.02 1.37 
Shortnose Gar 0.43 0 0.83 
Shovelnose Sturgeon 0.07 0.77 0.69 
Silver Carp 0.54 0.67 0.56 
Silver Chub 0.55 0.29 0 
Smallmouth Buffalo 0.04 0.81 0.44 
Spotfin Shiner 0.52 0.64 0.42 
Stone Cat 0 0.34 0.29 
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Table 2.3 - Similarity percentages for species driving the separation between seasons in 
the Wabash River (spring: May/June, summer: July/August, fall: September/October). 
Fish were sampled with a DC-electrified mini-Missouri trawl. 
Mean Abundance 
S2ecies S,ering Summer Fall 
Black Buffalo 0.47 0 0 
Blue Catfish 0 2 0.86 
Blue Sucker 0.14 0.47 0 
Bullhead Minnow 0.12 0 0.67 
Channel Catfish 1.97 7.26 2.32 
Common Carp 1.84 0 0 
Dusky Darter 0 0.2 0.18 
Emerald Shiner 0 0 0.41 
Freshwater Drum 0.98 0.9 1.7 
Gizzard Shad 0.21 0 0.24 
Mississippi Silvery Minnow 0.24 0 0.8 
Mountain Madtom 0.66 0.34 0.16 
Quill back 2.14 0.07 0.29 
River Carpsucker 0 0 0.82 
River Shiner 0.54 0.63 0 
Sand Shiner 0.91 1.1 2.39 
Shoal Chub 4.22 1.6 1.49 
Shortnose Gar 0 0 1.2.6 
Shovelnose Sturgeon 0.79 0.69 0 
Silver Carp 0.27 0.48 1.01 
Silver Chub 0.72 0.14 0 
Smallmouth Buffalo 0.67 0.45 0.1 
Spotfin Shiner 0.98 0 0.58 
Stone Cat 0.24 0.41 0 
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Figure 2.1- Wabash River trawl sites in spring (May/June), summer (July/August) 
(numbers) and fall (September/October, letters). Sites were shifted in fall due to low 
water. 
Illinois p __ 4s,..,....._.....90 __ 1so1 
[ Kilometers _ 
52 
0.30 
0.25 
0.20 
c 
0 
t 
0 0.15 0.. 
0 
..... 
Cl. 
0.10 
0.05 
0.00 
0 200 400 600 
Length 
800 
Mean 74.3 mm 
Median 34.5 mm 
SE 3.01 
n = 1857 
1000 
Figure 2.2 - Overall size distribution for all fish sampled using a DC-electrified mini-
Missouri trawl in the Wabash River, 2013. 
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Figure 2.3 - Linear regression of total catch of sample versus water depth for (A) all 
samples and (B) samples conducted in water less than 4.6 meters deep using a DC-
electrified mini-Missouri trawl during 2013 in the Wabash River. 
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Figure 2.4 - Average catch per unit effort (CPUE, no. fish sampled/minute of trawling) 
for all electrified trawling samples (overall) in the Wabash River in 2013, and CPUE of 
each habitat between seasons (spring: May/June, summer: July/August, and fall: 
September/October). 
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Figure 2.5- Non-metric multidimensional scaling (NMDS) performed on log(x+l)-
transformed relative abundances for all fish sampled using a DC-electrified mini-
Missouri trawl on the Wabash River in 2013. Samples are grouped by (A) season (spring 
[May/June], summer [July/August], fall [September/October]), (B) habitat (inside bend 
[IB], main channel [MC], outside bend [OB]), and (C) relation to the White River 
confluence. 
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Figure 2.6 - Principle component analyses (PCA) of log transformed environmental 
variables for all sites for (A) habitat, (B) season and (C) relation to the White River 
confluence. Habitat considered as inside bend (IB), main channel (MC), and outside 
bend (OB), and season considered as spring (May/June), summer (July/August), and fall 
(September/October). Circles represent 80% similarity for all sites contained within. 
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Figure 2. 7 - Non-parametric multidimensional scaling (NMS) performed on log(x+ 1) 
transformed relative abundances of fish sampled using a DC-electrified mini-Missouri 
trawl from inside bend habitats in the Wabash River. Sites were combined for each 
sample location from spring and summer such that four samples from one location were 
combined as one group assemblage. Site assemblages are compared from upstream and 
downstream of the White Rivet confluence with the Wabash River. 
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Figure 2.8 - Non-metric multidimensional scaling (NMS) performed on log(x+ 1 )-
transformed relative abundances for small-bodied fish (total length< 200 mm) (A,B) and 
juvenile fish assemblages (C,D) between season (A,C) and by habitat (B,D) as sampled 
with a DC-electrified mini-Missouri trawl on the Wabash River. Seasons are spring 
(May/June), summer (July/August), and fall (September/October), and habitats were 
classified as inside bend (IB), main channel (MC), and outside bend (OB). 
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GENERAL CONCLUSION 
I was able to demonstrate habitat-level differences in assemblages for larval and 
juvenile fish. Inside bend assemblages were typically represented by different species 
than those that utilized main channel and outside bend habitats. This trend was seen 
mainly in the spring and summer seasons, and then became less obvious in the fall. 
Inside bend habitats differed from other habitats by having small-bodied fish species. 
The lack of a trend in the fall was likely the effect of habitat homogeneity, as low flow 
allowed larval and small-bodied fish access to habitats that were otherwise inaccessible in 
high flow. 
By using two sampling gears I was able to look at habitat shifts between larval 
and juvenile life history stages. In the transition from larval to juvenile stages, fish 
develop more muscles, begin to feed exogenously, and develop better eyesight and 
swimming ability (Balon 1975, Urho 2002). These habitat shifts were seen primarily in 
Catostomidae, Cyprinidae, and Sciaenidae, as the larvae tended to switch which habitats 
they were most abundant in from larval to juvenile forms. Catostomids were utilizing all 
bend habitats in the larval stage and then switched to inside bend habitat in juvenile 
stages, which is where macroinvertebrates, bivalves, and detritus are found in high 
concentrations within river systems (Zigler et al. 2008). Cyprinids shifted from channel 
margin habitats to primarily inside bend habitats, whereas Sciaenids shifted from high 
flow areas as larvae, likely the result of passive drift, to being concentrated in inside bend 
habitats as juveniles. 
Interestingly, many families were underrepresented in both sampling gears. 
Ictalurids were grossly under-represented in larval pushes but then represented a majority 
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of the total catch from trawl samples. This shift was most likely due to the fact that adult 
catfish will guard their cavity nests and larvae until they reach a certain size, at which 
point the larvae leave the cavities (Wallus and Simon 2003). Catfish were not sampled 
until they were at juvenile sizes, suggesting that larval sampling for Ictalurids is highly 
inefficient and that trawling should be used to sample this family for young cohorts. 
Many family groups were only represented by a few specimens, or not 
represented at all, with each gear type. For example, the families Hiodontidae, 
Moronidae, and Centrarchidae were hardly sampled with either larval pushes or the trawl. 
These families are somewhat less abundant within the river, but they are sampled with 
boat electrofishing (LTRMP unpublished). Similarly, flathead catfish and silver carp are 
not uncommon in the Wabash, but they were only represented in a few samples. I believe 
that these fish are spawning in the river, and that I was just ineffective at sampling them, 
as there are large populations of adults of these species within this river (Moody 2013). 
To sample these families that were poorly represented I recommend increasing 
sampling efforts. I conducted 166 larval pushes and 119 trawls over six months. 
Increased sampling efforts would increase the probability of sampling spawning events of 
less abundant fish species (Pflieger 1975). I would also change sampling locations more 
often and sample a wider variety of habitats, such as portions of the river that are more 
channelized and straight. This is because many different species show preferences for 
riffles, such as sturgeon and darters, and sampling this habitat with a trawl may increase 
detection rates of juveniles of these species. It would also be interesting to sample tree-
snag habitat if there was a way to do so without destroying the trawl, as some species, 
such as catfish and blue suckers, utilize these habitats more so than other habitats (Huck 
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2014). I also only sampled the top half meter of the water column with the larval net, so 
benthic oriented larva were not sampled until they reached the swim-up phase of their 
growth. If a third, smaller mesh was attached to the outside of the trawl, it is possible 
that benthic oriented larvae could be sampled without doing any more effort than what 
was already completed in this study (Herzog and Ostendorf, MDC, personal 
correspondence). 
It would be interesting to compare different methods of electrifying the trawl. 
Freedman modified his trawl with droppers along the lead lines in hopes of stunning 
corralled fish and being able to scoop them up with the net (Freedman 2010). It is 
possible that the droppers might affect the composition of fish sampled, as some fish sink 
when stunned (darters) while others become buoyant. By shocking ahead of the net it is 
possible that the differences in responses to electricity are shifting which species are 
actually making it into the trawl. Meanwhile, the trawl I used was designed with 
droppers along the mouth opening. This was still effective at stunning fish but may have 
allowed fish to avoid the electric field by swimming to the side before the electrical 
current could stun them. Both trawls were conducted in a downstream manner at a 
slightly faster rate than the flow of water, so it is possible that stunned fish had little time 
to float in any direction before the trawl was on them, but it would be interesting to 
compare the two arrangements. 
Another interesting study would be to compare my results to a regulated river. 
Regulated rivers tend to be channelized to the point that erosion and deposition are not 
occurring at the same degree that they are in free flowing systems (Power et al. 1996). 
Bends are formed solely based on erosion, and in regulated rivers tend to be more 
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homogenized in regards to depth, substrate, and current. It would be interesting to see if 
patterns in larval and juvenile fish assemblages are the same in a comparably sized 
regulated river to the Wabash River. 
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APPENDIX A 
TABLES AND FIGURES TO SUPPLEMENT CHAPTER 2 CONTENTS 
Table Al - Pearson correlation coefficient of environmental variables in the Wabash 
River, 2013. IA compares all environmental variables whereas table lB compares only 
samples that had water column depths less than 4.6 m. Bolded values indicate 
significance. 
Log Water Dissolved 
IA Catch Flow temeerature Deeth ox;t:gen Secchi 
Log Catch 1.0000 -0.07889 0.13785 -0.4729 -0.00725 -0.08186 0.3577 0.1069 <0.0001 0.9328 0.3398 
Flow 1.00000 0.07261 0.43471 -0.34488 0.09414 0.3973 <0.0001 <0.0001 0.2721 
Water Temp 1.00000 0.00658 -0.30209 -0.10337 0.9390 0.0003 0.2276 
Depth 1.00000 -0.19659 0.11639 0.0208 0.1740 
Dissolved 1.00000 0.00761 Oxygen 0.9294 
Secchi 1.00000 
Log Water Dissolved 
1B Catch Flow temeerature Deeth ox;t:gen Secchi 
Log Catch 1.00000 0.22580 0.01040 -0.19416 -0.25677 -0.00075 0.0565 0.9309 0.1022 0.0295 0.9950 
Flow 1.00000 0.30301 0.20439 -0.47779 -0.33324 0.0097 0.0850 <.0001 0.0042 
Water Temp 1.00000 
0.16623 -0.21731 -0.08646 
0.1629 0.0667 0.4702 
Depth 1.00000 -0.05199 -0.00216 0.6645 0.9856 
Dissolved 1.00000 0.55423 Oxygen <.0001 
Secchi 1.00000 
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Figure Al - Average (a) water temperature (°C), (b) flow rate (m/s), (c) water depth (m), 
and ( d) secchi depth (cm) of each habitat for monthly samples within the Wabash River, 
2013. 
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APPENDIXB 
CHANNEL AND BLUE CATFISH JUVENILES SAMPLED FROM THE 
WABASH RIVER IN 2013 WITH A DC-ELECTRIFIED MINI-MISSOURI 
TRAWL 
The following presents results for channel and blue catfish that were sampled 
during the trawl portion of this study. Although I could look at spawning for these 
species, the data were not robust enough to discuss in the main body of the thesis. 
Channel catfish comprised 44.8% of the total catch between all habitats and blue 
catfish represented 5.3%. No other sportfish was represented in large enough abundance 
to be able to determine spawning events. Channel catfish ranged in size from 10 mm to 
584 mm in total length, with 94.3% of the total catch being less than 200 mm. The peak 
catch of channel catfish occurred in July (n = 314) and August (n = 399). 
Lengths differed significantly between seasons (ANOV A, P < 0.0001, df 2) with 
the highest mean length in spring (Figure B 1 ). There was a significant difference in 
average length between habitats (ANOVA, P < 0.0001, df 2) with inside bend having the 
highest average length (Figure B2). When fish over 200 mm in total length were 
removed from the analyses (24 of 833 fish), mean lengths decreased and the test was still 
significant. Inside bends continued to have significantly larger mean length (ANOV A, P 
< 0.0001 , df2), and the effect of season was significant (ANOVA, P < 0.01). Spring had 
significantly higher mean lengths (89.41 mm), and summer had the smallest mean length 
(29.97 mm), fall was between the two with mean length of 44.07 mm. 
Blue catfish ranged between 13 and 415 mm in total length, with only 5 of the 98 
fish sampled being over 200 mm in total length. Blue catfish did not appear in the 
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samples until July, at which point smaller fish ranged between 13 and 55 mm, but fish 
over 200 mm were also present. Seasonally, blue catfish were not significantly different 
in average length (t test, P = 0.5987, Figure B3). Blue catfish were significantly larger 
within inside bend habitat (79.06 mm) and there was no difference between outside bend 
(33.38 mm) and main channel habitat (28.28 mm) (ANOVA, P = 0.004, df2, Figure 4). 
When blue catfish over 200 mm in total length were removed from analyses (four of 98 
fish), there was no significant difference between habitats (inside bend, 33.87 mm; main 
channel, 28.28 mm; outside bend, 27.78 mm, ANOVA, df2) but season had an effect (t 
test, P < 0.0001) with significantly smaller blue catfish in the summer (24.80 mm) than 
fall (57.5 mm). 
By breaking the catch down monthly, spawning events could be inferred. 
Channel catfish are described to spawn between mid-May and August within the Ohio 
River system (Wallus and Simon 2003), with peaks in spawning in June and July. Their 
eggs have a 10 day incubation period and about a week after hatching the fish reaches 16 
mm in total length and is classified as a juvenile fish. As I saw early juvenile fish within 
the June, July, and August samples, extrapolating backwards indicates that spawning was 
occurring May through July with peak spawning occurring in late June. 
Wallus and Simon (2003) state that spawning starts in June for blue catfish within 
the Illinois region, and that blue catfish are classified as juveniles at approximately 16 
mm in total length, approximately three weeks after spawning takes place. As my 
smallest catfish were 13 mm in total length, it is safe to assume -~hat spawning occurred 
between two and three weeks prior to the sampling date, indicating that spawning for 
blue catfish started in late June and continued through August. Channel catfish were 
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found in higher abundances in channel margin habitats whereas blue catfish were found 
in higher abundances in main channel habitats. This could possibly be an effect of niche 
partitioning as blue catfish and channel catfish feed on similar prey at this size range 
(Wallus and Simon 2003). 
Although I did not use mark recapture techniques or regression analyses to 
measure growth within the juvenile catfish, I was able to infer growth over a short period 
of time. A majority of the sampled catfish had only recently transitioned into the juvenile 
stage. However, with each subsequent month of sampling I was able to observe higher 
densities oflarger fish, which I presumed to depict cohort growth. From these separated 
peaks in length frequency histograms I calculated an average of approximately 22.5 mm 
of growth for channel catfish, and 22.3 mm of growth for blue catfish every four weeks 
between May and October. The similar growth rates and timing of spawning within this 
system could potentially give each juvenile catfish a similar chance of survival from 
predation and environmental stresses, as they are visually very similar and prey upon 
similar food items in this life stage. 
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Figure Bl - Channel catfish length frequency proportion by season with spring 
(May/June), summer (July/August), and fall (September/October) as sampled with an 
electrified mini-Missouri trawl in the Wabash River, 2012. Proportions were analyzed 
with counts from each season. 
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Figure B2 - Channel catfish length frequency by habitat as sampled with a DC-
electrified mini-Missouri trawl in the Wabash River, 2013. Proportions were analyzed 
with counts from each habitat. 
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Figure B3 - Blue catfish length frequency proportions by season with spring (May/June), 
summer (July/August), and fall (September/October) as sampled with a DC-electrified 
mini-Missouri trawl in the Wabash River, 2013. Proportions were analyzed with counts 
from each season. 
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Figure B4 - Blue catfish length frequency proportion by habitat as sampled with a DC-
electrified mini-Missouri trawl in the Wabash River, 2013 as sampled with a DC-
electrified mini-Missouri trawl in the Wabash River, 2013. Proportions were analyzed 
with counts from each habitat. 
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